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Background

Connected and Automated Vehicle (CAV)

A Connected Vehicles are vehicles that can communicate
with other vehicles, infrastructure and devices.
A Automated Vehicles are vehicles that can operate with WAYMO Q?Go

little to no human assistance.

Big Moves in the CAV Industry and Governments/Agencies

&
A Waymo officially started its commercial seliving-car service C r U I Se'

in the suburbs of Phoenix in 2018. Other companies also
include Argo Al, Cruise, and seétiving trucks fromlfuSimple

etc.
A The U.S. DOT issued Federal Automated Vehicles Policy in

September 2016, and as of spring 2019, 44 states have y
proposed, and 30 states have enacted legislation pertaining to S " I Ip | E

autonomous vehicles.
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State of the Art & Practice

Transportation Demand Forecasting in CAV Era
A Potential Impacts of CAVs on ABM in Seattle,-\WAildress et al (2015)

A Impacts of intrahousehold shared CAV on ABM in the Chicagease@c Xu et al (2019)
A Incorporating features of CAVs in ABM for Columbusg Oths et al (2019)

Research Gaps

A Short of CAV related data or CAV preference data
A Unable to capture impacts on activity generation

A Not applicable for large scale models

ProblemStatement

Our research aims to explore the changing trend of both travel demand and supply sides in the era of

CAV and evaluate the impacts on transportation systems.
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Research Goal

A The project aims to develop plannihgvel analysis tools based on existing models to supportré€lated
decisionmaking for MPQOs and other public agencies.

Contributions

~ ~ Ve ~ N

Al 2ttt SOGSR LIS2L)X SQa AyuSyd G2 dza Selated prefefeytes{ 2 dzii K S NJ/
A Incorporated behavior changes in the SCAG ABM framework, from long term to short term

A Integrated CAV ABM with the capacity enhanced traffic assignment model
A Evaluated travel demand management (TDM) strategies under CAV scenarios and provided policy

recommendations
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Methodology

We adopted an activity-based approach which

iIncorporates CAV features from long-term choice to short-

term choice.

A Demand
A CAV Survey
A SCAG ABM update
A Long-term: Work arrangement
A Medium-term: CAV ownership
A Short-term: Activity frequency, mode choice

A Supply
A Roadway capacity enhancement
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Integration of survey data and travel demand model

/ Synthetic population /

Will this household
use CAV for travel?

Yes

A 4

AV-incorporated
/ CAV survey data ABM

ABM Core

A 4

SCAG ABM

A 4

New travel
demand

A 4

Road and transit
network




Methodology

CAV Survey

An onlineStated Preferencé dzNSeé 4l & RS&AAIYSR |y

daily travels and activityelated changes due to CAV.

A Twostage survey

Al1l+ OK2AOSY lal ljdzSadAazya | 062 dzi

valid responses collected

A Activity choice: for CAV users only, ask questions about changes in their daily activity choices, 675 valid

responses collected
A Multiple control attributes

A Household size/income/number of vehicles Comparison of data collected and quota from SCAG model
A Personal age/education attainment/work status Age Quota Data
16~17 4.9% 2.9%
18~24 14.3% 14.3%
25~39 37.0% 34.4%
40~64 29.9% 30.1%
65+ 14.0% 18.3%
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M et h O d O I O g y 1. Population Synthesis, AoTwibillty Measures and Zonal SED and LU

2. Long Term Choices Usual school Work Usual Work
: : Scheduling
Location Arrangements Work Location Flexibility

SCAG ABM Update

3. Mobility Choices Driver License Vehicle availability
ownership

A Developed upon SCAG ABM framework '
A Recalibrate existing suimodels and develop new sub & T By

models with new CAV preference data e A’:*"I‘t""‘“‘“““‘” PN B NonMandatoy Actty Generstn
. . Travel Pattem = i aintenance activity generation

A Incorporated both private and shared CAV in the mode A indsor Frequency —C il ]
c r:::mw SiErd Thae e s Maintenance task allocation

[ Individual Discretionary Activities ]

choice model

[ School escorting ]

v

v
5. Joint Activity Generation & Scheduling
Frequency and Participation

»  Joint tour formation

A §

6. Tour Formation and Scheduling

Worker/College student Adult non-worker/Retiree Children
Individual Individual Individual
Tour formation Tour formation Tour formation
\ 4
Final Time of Day

\
[ Combinatorial Mode Choice ]

|
Y

7. Trip Assignment l Highway l Transit

SCAG ABM System Design (source: 2016 Regional Travel Demand Model and Model
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Methodology

Supply Side Model Update Transit

Model

Truck Model

CAV-ABM Demand |,

Model

A Increased roadway capacity by 15% according to Adebisi
al. (2020, 2022)
A Assignment process
A Step 1: The initial demand are converted into OD
tables and then loaded to the network to produce the
first pass traffic volume and speed
A Step 2: The congested speeds generated from the
previous loop are further used as the inputs for the
demand model in the following loop. The volume
variation between assignment loops is smoothed by
the method of successive averages.
A Step 3: Loops before the final loop only produce

assignments for AM and PM peaks, whereas the final

loop perform assignments for all five time periods.
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OD Trlp
Tables

Passenger-Car Equiva]ent

Trips

J

Successive Averaging

Traffic assignment for

AM peak, PM peak,
and midday periods

all periods

Traffic assignment for

/

Final Intermedlate
Volumes, Volumes,
Speeds Speeds

/L

Model Assignment Framework




Methodology

o B 1 IBC Q
Performance Metrics Yi QW@ Qi i Qea—Qﬂ—%e—ea—
A VMT
A Emission: The calculation is based on the emission factors o) 0
proposed by EMFAColir major pollutants are selected:
A CO2 where,
A NOx A ¢ isthe numberof tours of the household
A PM2.5 A a is the number of available mode
A Reactive Organic Gases (ROG) combinationsof tour Q
A Transportation Equity: A 6 refersto the sumof trip utilities of the “@h
A Number of trips per household availabletrip modecombin~ationof tour 'Q
A Trip distance per household A 0 s the utility of the tripGin mode
A Householdravel accessibility combination’(®f tour

A The equity is evaluated across three income groups A 0 is the number of trips in touk)

A Lower (annual income< $50,000)
A Middle (annual income between $50,000 and $150,000)
A Upper (annual income > $150,000)
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Research Findings

Survey results

A At the first stage, about 54% of people choose to use CAV for their daily travel, which is close
to the result (52%) of the 2017 California Vehicle Survey. The data collected from the second
stage were used to re-calibrate/develop activity-related sub-models.

Intent to use CAV

Will not use

Will use 46%
54%

OWill not use mWill use
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Research Findings

A Reasons why people choose to use CAV or not

Why use CAV

Other
4% Safer than
VINER RS
13%

Able to be
productive
13%

Mobility
enabler for
aging seniors
13%

Co

Attraction of to puB
new transit

technolo experience
15% gy Trust that P 7%

technology will
be adequately
tested
14%
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Why don't use CAV

No need fo
_ _ 7% Lack of trust in
Like to drive/ this
Desire for technology
control of 24%
vehicle

13%

Cost concerns
20%



Research Findings

Lookup table of work arrangement type

CHANGES IN WORK ARRANGEMENT
ID Work Duration Workplace Type Number of Jobs

Distribution of work arrangement type | Shon ERed e
2 Short Fixed Multiple
- 3 Short Home One
4 Short Home Multiple
5 Short Variable One
Q 6 Short Variable Multiple
7 Medium Fixed One
8 Medium Fixed Multiple
9 Medium Home One
10 Medium Home Multiple
11 Medium Variable One
12 Medium Variable Multiple
13 Long Fixed One
14 Long Fixed Multiple
IS Long Home One
16 Long Home Multiple
17 Long Variable One
18 Long Variable Multiple
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Research Findings

Distribution of home-work location distance
CHANGES IN WORK LOCATION CHOICE —

In SCAG model, the candidates of work location
choice model are determined by a sample-by-
importance approach. The utility of a candidate
TAZ is:

W T zQ 1 zQ 1 7TY

where "Yis employment at the workplace TAZ. | /
At most 30 TAZs can be selected for each T

worker.

In the CAV-incorporated model, we calibrated
the! and] with the consideration of additional

travel time accepted by CAV users.
Average homaevork distance changed from 18.3 miles to

22.1 miles.

UCLA Institute of
Transportation Studies



Research Findings

CHANGES IN ACTIVITY FREQUENCY Non-mandatory activity is categorized as

household maintenance activity and individual

Distribution of maintenance activity type discretionary activity under the SCAG ABM
framework.

Under the household maintenance activity, there
N arethreesub-c at egori es: grocery
household errand (note as

Lookup table of maintenance activity type

D  Type ID  Type
1 None 5 S
/\/ 2 E 6 SE
. 3 M 7 SM
4 ME 8 SME

The number of household maintenance trips
increased from 15.2M to 16.8M when CAV is
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Research Findings

CHANGES IN ACTIVITY FREQUENCY Under the individual discretionary activity,
thereare3sub-c at egori es: Vi sif
di scretionary (nAnDO0O), anc
Distribution of discretionary activity type mai ntenance (AMO0O)

Lookup table of discretionary activity type

ID Type ID Type
1 None S V

2 M 6 VM
3 D 7 VD
4 DM 8 VDM

The number of individual discretionary trips
increased from 18.0M to 20.4M when CAV is

UCLA Institute of aval I ab | e.
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Research Findings

CHANGES IN MODE CHOICE

Comparison of Mode Choice
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Research Findings

DemandSide Impact

Trip Purpose

Work
Household Maintenance

Discretionary

Institute of
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Changes in Number of Trips

SCAG SCAG_CAV
20,533,312 23,543,791
15,262,859 16,889,062
18,005,284 20,425,484

Change in %

+15%

+11%

+13%



Research Findings

System Impact after 3 Feedback Loops

CAV Base

Metrics SCAG CAV Base (% change versus
SCAG)

Total daily 4.57x108 4.99<10° 9.1%

Total daily 1.39x107 1.44x107 3.6%

NOX 26.57 29.22 9.6%

Total Daily Emission PM2.5 0.67 0.74 10.4%
(ton) Co2 1.39x10° 1.53x10° 10.1%

ROG 6.61 7.25 9.7%

Institute of
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ReS earcCc h F| N d | N g S Distribution of mean speed/freow speedduringAM period
e : X
(a) N \ (

(®)

Spatial Distributionof AM Speed
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Research Findings

Travel Demand Managemer#trategies Summarized by SCAG

CAV S3 (O7:\VASY:!
Metrics SCAG CAV Base CAVISL CAVISS (Parking (Auto Trade
(Telework) (Free Transit) PricinG -

A Parking
A Infrastructure & transit

. Total daily (% 4.99x108 4.89x108 4.95x108 4.91x108 4.68x108
A Incentive VMT (m') dierge) | o (9.1%) (6.9%) (8.2%) (7.5%) (2.3%)
A Marketlng VHT (h Total daily (% 1.39¢107 1.44x107 1.40x107 1.42x107 1.39x107 1.29x107
A Other (h) change) : (3.6%) (0.7%) (2.2%) (0.0%) (-7.2%)
Number of
trips per 128 13.67 13.65 13.67 13.67 13.23
Test Scenarlos household (% ‘ (6.8%) (6.6%) (6.8%) (6.8%) (3.4%)
change)
A Scenarlo 1 Encouraglng telework SOV 40.0% 38.0% 37.7% 37.7% 35.9% 33.7%
A Scenario 3: Parking pricing Mode Share Transit 1.97% 6.32% 6.3% 7.0% 6.8% 7.2%
A Scenarlo 4 AUtO tl’adm CAV NA 14.0% 14.1% 13.9% 14.2% 16.9%
Other 10.1% 9.32% 9.4% 9.3% 9.4% 10.4%
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Number of Trips per Household

- -
Research Findings BB over wade upper
3.56 5.09 5.37

. . . 3.75 5.24 5.51
Equity Analysis across Scenarios 3.73 5.19 5.40
_ _ 3.75 5.24 5.51
A We used relative values instead of absolute values to 3.75 5.24 5.51
: : : 3.55 5.06 5.30
represent the disparity across income groups for all of 57 o 5
the three equity metrics. 3.75 5.12 5.31
A The outputs of the loweincome household are used
as the baseline, whereas the outputs of the middle

and upperincome households are represented in

. . . Relative Number of Trips per Household
relative values proportional to the baseline. PSP

Mandatory Activities

el Lower Middle Upper Ifr?(;g)(/

. 1.00 1.43 1.51 1.00
Equity Index 1.00 1.40 1.47 0.92
i . 1.00 1.39 1.45 0.87

A We defined an equity index (EI) to represent the 100 L0 —em
disparity across income groups. The lower the El, L0 A0 1 947 | O

_{ . RPN 2 ~ A P CAV Scen 4 100 _ A.43 149 097
UKS OSUUSNI UKS Sljdzaded {/ ! DQavEfnm Aa@ a S4d Wz Oodk
1.00 1.36 1.41 0.81

' '
Negative EI means lower income groups CAV Scend
outperform middle and upperincome groups.

Institute of
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* means adjusted strategies by modifying the
policy more in favor of the lowencomes.
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Research Findings e

Equity Index
s o

SCAG CAVBase Scenl Scen 2 Scen 3 Scen 4 Scen3*  Scen4*
Scenario

=== Mandatory Non-mandatory

A Compared with SCAG model, CAV models (a) Equity Index on Number of Trips per Household
indicate improved equity on mandatory trips , ;gg
whereas decreased equity sron-mandatory o
trips. R ae—

A By adjusting the policy more in favor of the o \
lower-income groups, the equity performance . _
increases significantly compared with the generic

e=p==©andatory ‘Non-mandatory

policy scenarios.
A TOO much Support on |Owe'ncome househo'ds (b) EQUity Index on Travel Distance per Household

might also cause inequity across income groups. .

(Senario 3 o

0.20

Equity Index

0.00
-0.20
-0.40

-0.60
cen3*  Scen4*

. SCAG CAV Base S 1 Scen 2 Scen 3 S 4 S
nstivteoft
Transportation Studies (c) Equity Index across Scenarios on Travel Accessibility



Policy Recommendations

A Pricing policies
A Parking pricing: charge more for SOVs and PAVs, while less for HOVs and SAVs
A Infrastructure improvement
A Transit incentives have little improvement. Consider upgrading the level of service of the transit
system
A Encouraging to work remotely
A Marketing strategies for CAV ownership:
A Encourage and subsidize households to tradeld regular vehicles for CAVs

UCLA Institute of
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Conclusion

A Accordingour survey, a little more than half (54%) of the population is willing to adopt CAV for travel
A2 KSy [/ !+ Aa F@FAflIo6ftST LIS2LIX SQa (NI @St 0SKI OA 2 NZ
- More flexible work arrangement is preferred

- Longer homework distance is accepted
- More business/normmandatory trips are expected

A Number of trips (11% to 15%), VMT (9.1%) and emis$8n t010%) are significantly increased due
to the CAV deployment

A The reduction on congestion is limited, only speed on freeway during AM has a slight increase (5.4%).
A Auto tradein policy is the most effective in reducing the VMT and emission growth among others.

A After deploying CAV$he disparity across different income groups decreases with respect to
mandatory activities. On the other hanthe disparity increases for nemandatory activities.

A By introducing incomspecified TDM strategies, the policies become more effective in enhancing the
equity.
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Conclusion

More details of this study can be found in:
A YueshuaHe, B., Jiang, Q., & Ma, J. (2022). Connected automated vehicle impacts in Southern

California par: Travel behavior and demand analy3insportation Research Part D: Transport and
Environment109, 1033209.

A Jiang, Q.YueshuaHe, B., & Ma, J. (2022). Connected automated vehicle impacts in Southern
California pardl: VMT, emissions, and equifiyransportation Research Part D: Transport and
Environment109, 103381.
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Dynamic Traffic Assignment

A Based on the travel demand prediction from the
SCAG ABM, we developed a dynamic traffic
assignment model with the opesource toolkit--
Multi-Agent Transport SimulatiodMATSin)

A TheMATSinsimulates passenger travel behaviors
and vehicle movements in a muifiodal network,
which captures the dynamic interactions between
passengers/vehicles and the network.

A Agents can change multiple travel behaviors during
the simulation
A Mode choice
A Route choice
A Departure time choice
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